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(57) ABSTRACT 

Methods and apparatus for reducing the average delay asso 
ciated with sending a packet from one environment to another 
via a store and forward buffer are disclosed. According to one 
aspect of the present invention, a method for processing trans 
mission units received over a ?rst network connection 
includes receiving a ?rst transmission unit on the ?rst net 
work connection, storing the ?rst transmission unit in a 
buffer, and determining when contents of the buffer meet a 
plurality of criteria. The method also includes sending a back 
pressure over the ?rst network connection when it is deter 
mined that the contents of the buffer meet the plurality of 
criteria. In one embodiment, determining when the contents 
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REDUCING LATENCY J ITTER IN A 
STORE-AND-FORWARD BUFFER FOR 

MIXED-PRIORITY TRAFFIC 

BACKGROUND OF THE INVENTION 

1. Field of Invention 
The present invention relates generally to network sys 

tems. More particularly, the present invention relates to effec 
tively reducing the average delay introduced by a store and 
forward buffer used for mixed-priority traf?c. 

2. Description of the Related Art 
The demand for data communication services is growing at 

an explosive rate. Much of the increased demand is due to the 
fact that more residential and business computer users are 
becoming connected to the Internet. Within an optical net 
work, different networks, or environments, may be in com 
munication with one another. For example, an overall net 
work may include multiple environments which have 
different timing requirements. In order for packets to be sent 
between two environments with different timing require 
ments, buffers may be used between the environments to 
temporarily hold packets to effectively ensure that entire 
packets are moved into a receiving environment. 

FIG. 1a is a diagrammatic representation of a network 
which includes a store and forward buffer that temporarily 
holds packets. A ?rst environment 104, which is arranged to 
send packets from a network processor or a tra?ic manage 
ment chip, is connected by a dedicated bus 106, e.g., a SPI3 
bus or a SPI4 bus, to a store and forward buffer 116 that is 
typically associated with a framer or controller 112. As will 
be understood by those skilled in the art, a traf?c management 
chip is a chip which provides buffering and queuing for pack 
ets. The siZe of buffer 116 is typically such that buffer 116 is 
at least one or two times the siZe of the maximum transmis 
sion unit that will be transmitted by ?rst environment 104 or 
a second environment 108. Packets 120 which are sent from 
?rst environment 104 to buffer 116 are generally stored on 
buffer 116 until such time as buffer 116 may forward packets 
120 on a bus 110 to second environment 108 on a ?rst in, ?rst 
out basis. Second environment 108 has an associated physical 
layer interface, as for example a synchronous optical network 
(SONET) interface, an Ethernet interface, or a Tl/El inter 
face. Second environment 108 typically has different timing 
requirements than ?rst environment 104, so buffer 116 
enables packet underrun to effectively be prevented by stor 
ing packets 120 until second environment 108 is ready to 
receive packets 120. 

In many instances, packets 120 may be of mixed priorities. 
By way of example, ?rst environment 104 may attempt to 
forward both low priority tra?ic and high priority traf?c such 
as real-time traf?c. When ?rst environment 104 is providing 
packets 120 to buffer 116 faster than second environment 108 
may receive them, i.e., when the exit rate from buffer 116 is 
insuf?cient to effectively support the entry rate into buffer 
1 1 6, or when buffer 1 1 6 is nearly full, framer or controller 1 12 
may send a per port backpressure 124 to ?rst environment 
104. In general, backpressure may either be sent over bus 106 
or over separate lines (not shown). Backpressure 124 is effec 
tively a jamming or a blocking technique which serves to 
enable frame losses to be reduced when one or more ports 
associated with framer or controller 112 are considered to be 
saturated. The use of backpressure 124 may prevent a dead 
lock situation between ?rst environment 104 and framer or 
controller 112. As will be appreciated by those skilled in the 
art, when backpressure 124 is sent to ?rst environment 104, 
?rst environment 104 may delay sending further packets 120 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
to buffer 116 until such time as it is appropriate to continue 
sending packets 120. A backpressure threshold which, when 
reached, causes a backpressure to be sent is restricted to being 
larger than a maximum packet siZe in order to avoid a dead 
lock condition. Restricting the backpressure threshold to be 
larger than the maximum packet siZe is needed to prevent a 
deadlock condition from being reached because the start of a 
packet transfer from buffer 116 to second environment 108 
would not occur until an entire packet was received by buffer 
116, but the receipt of the packet by buffer 116 would be 
stalled prior to completion until after packet transfer out of 
buffer 116 lowers the ?ll level of the buffer 116. 
The relative packet transfer speed of ?rst environment 104 

will typically vary from the relative packet transfer speed of 
second environment 108. Either ?rst environment 104 or 
second environment 108 may have a faster relative packet 
transfer speed. As such, buffer 116 must be designed to 
accommodate either condition, i.e., buffer 116 must be 
arranged to support ?rst environment 104 having a higher 
relative packet transfer speed and second environment 108 
having a higher relative packet transfer speed. When ?rst 
environment 104 has a slower packet transfer speed than 
second environment 108, to prevent underrun of buffer 116, 
all of a packet must be buffered in buffer 1 1 6 before the packet 
begins to be sent to second environment 108. When ?rst 
environment 104 has a faster packet transfer speed than sec 
ond environment 108, to prevent overrun, backpressure is 
asserted from buffer 116 before buffer 116 is completely full, 
since buffer 116 must account for additional packet data sent 
before ?rst environment 104 may fully respond to the back 
pressure request 
When buffer 116 is full, e.g., full of low priority packets, 

when a high priority packet is to be sent by ?rst environment 
104 to second environment 108, there will generally be a 
delay before the high priority packet is received by second 
environment 108 since substantially all packets 120 already 
waiting in buffer 116 will need to be sent to second environ 
ment 108 before the high priority packet may reach second 
environment 108. The delay generally increases as the siZe of 
buffer 116 increases, and also as the speed associated with 
second environment 108 or, more speci?cally, a physical 
layer interface of second environment 108 decreases. 

With reference to FIGS. 1b and 1c, the forwarding of a high 
priority packet through a substantially full store and forward 
buffer such as buffer 116 of FIG. 111 will be described. Buffer 
116 contains low priority packets 120b-e which are to be 
forwarded out of buffer 116, e.g., after low priority packet 
12011 is forwarded out of buffer 116 and received by a receiv 
ing environment such as second environment 108 of FIG. 1a. 
A sorter 140 within ?rst environment 104 sorts packets, as for 
example packets 120h-1, and substantially identi?es high 
priority packets and low priority packets. As shown, since 
buffer 116 is relatively full, a high priority packet 120g is 
effectively queued to be sent to buffer 116 as soon as space is 
available in buffer 116, while a low priority packet 120f is 
effectively queued to be sent to buffer 116 after high priority 
packet 120g is sent. 

Typically, high priority packets such as high priority packet 
120g are expected to be transferred through buffer 116 with a 
low average latency, and low latency jitter. High priority 
packet 120g is delayed from reaching a receiving environ 
ment such as environment 108 of FIG. 111 because high pri 
ority packet 120g may not reach the receiving environment 
until substantially all packets which are already in buffer 116 
reach the receiving environment. While high priority packet 
120g may be forwarded to buffer 116 such that high priority 
packet 120g is queued in buffer 116 after low priority packet 
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120e, as shown in FIG. 10, the delay between When high 
priority packet 120g is provided to buffer 116 and When high 
priority packet 120g is received by the receiving environment 
is essentially equal to the amount of time it takes to “drain” 
loW priority packets 120b-e from buffer 116. For example, if 
buffer 116 is arranged to store approximately sixteen thou 
sand bytes and is drained by a T1 line, the draining process 
may take approximately 85 milliseconds (ms), Which may be 
an unacceptable delay for high priority packet 120g. 
As interface speeds increase, maximum packet siZe 

requirements and real-time tra?ic requirements also increase, 
thereby rendering the use of a single buffer to be ineffective. 
In addition, increased demands for systems Which may 
accommodate a Wide range of interface speeds further 
increase the dif?culty of using a single buffer. In order to 
reduce the potential delays associated With sending high pri 
ority packets through a buffer Which may be used for mixed 
priority traf?c, some framers or controllers may utiliZe tWo 
store and forWard buffers, namely a store and forWard buffer 
Which is arranged to buffer loW priority tra?ic and a store and 
forWard buffer Which is arranged to buffer high priority tra?ic 
FIG. 2a is a diagrammatic representation of a netWork that 
includes tWo store and forWard buffers that are arranged to 
store packets. A ?rst environment 204 is arranged to forWard 
mixed priority tra?ic in the form of packets 220 to a second 
environment 208 through a framer or controller 212 Which 
includes a ?rst store and forWard buffer 216a and a second 
store and forWard buffer 21619. A dedicated bus 206 may be 
used to carry packets betWeen ?rst environment 204 and 
framer or controller 212, While a bus 210 may be used to carry 
packets betWeen framer or controller 212 and second envi 
ronment 208. Buffer 216a is arranged to effectively hold loW 
priority packets received from ?rst environment 204 until 
second environment 208 may receive the loW priority packets, 
While buffer 216!) is arranged to effectively hold high priority 
packets received from ?rst environment 204 until second 
environment 208 may receive the high priority packet. 

Framer or controller 212 may send a backpressure 22411 
which indicates that buffer 21611 is full, and a backpressure 
2241) Which indicates that buffer 216!) is full. Hence, When 
buffer 21611 is full, ?rst environment 204 may continue to 
send high priority packets to buffer 216b, and When buffer 
216!) is full, ?rst environment 204 may continue to send loW 
priority packets to buffer 21611. 

The use of separate buffers 216a, 2161) to hold loW priority 
packets and high priority packets, respectively, may reduce 
delays associated With sending high priority packets to envi 
ronment 208, as the need to effectively Wait for loW priority 
packets in a buffer, e.g., buffer 21611, to be drained before 
sending high priority packets may be substantially elimi 
nated. Framer or controller 212 may be arranged to drain 
buffer 216a substantially only When buffer 216!) has already 
been drained or is otherWise empty. As shoWn in FIG. 2b, a 
packet sorter or environment 204 may sort packets 220 and 
provide the sorted packets to buffers 216. When buffer 216!) 
is empty, and buffer 216a contains loW priority packets 220b 
e, buffer 216a Will forWard loW priority packets 220b-e to a 
receiving environment, as for example second environment 
208 of FIG. 2a, after loW priority packet 22011 is received by 
the receiving environment. 
When buffer 216!) has any contents, as for example high 

priority packets 220h-k as shoWn in FIG. 20, buffer 216!) 
generally must effectively be drained before loW priority 
packets 220b-e may be sent to a receiving environment. Fur 
ther, substantially all high priority packets identi?ed in ?rst 
environment 204, e.g., high priority packet 2201, must also be 
sent to a receiving environment through buffer 216!) before 
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4 
loW priority packets 220b-e may be sent to the receiving 
environment. By Way of example, high priority packets 220h 
k, as Well as high priority packet 2201 and other high priority 
packets currently identi?ed in ?rst environment 204, are sent 
to a receiving environment after high priority packet 220g 
before the ?rst loW priority packet in buffer 216a, namely loW 
priority packet 220b, may be sent to the receiving environ 
ment. It should be understood that in some situations, the 
sending of packets 220 to a receiving environment may fur 
ther be delayed When a backpressure is sent to ?rst environ 
ment 204 to indicate that the transmission of packets betWeen 
?rst environment 204 to buffers 216a, 2161) should be sloWed 
or delayed. 

In general, the use of a separate high priority store and 
forWard buffer in addition to a separate loW priority store and 
forWard buffer is effective for reducing the amount by Which 
a high priority packet may be delayed or the latency associ 
ated With reaching a destination such as a receiving environ 
ment. The maximum latency and latency jitter associated 
With a high priority packet in a system Which includes sepa 
rate high priority and loW priority store and forWard buffers is 
not more than the time required to transfer a loW priority 
packet that is in the process of being sent, i.e., no more than 
the amount of time required to transfer a large loW priority 
packet to a receiving environment. In a best case, the latency 
Would be approximately Zero, so the maximum latency jitter 
is also relatively loW. HoWever, the use of tWo buffers to store 
and to forWard mixed-priority tra?ic is both relatively expen 
sive and relatively complex to implement, Which may make 
the use of tWo buffers to reduce maximum latency and latency 
jitter inef?cient and impractical. 

Therefore, What is desired is a method and an apparatus for 
enabling potential delays associated With sending high prior 
ity packets in mixed-priority tra?ic to be e?iciently reduced. 
More speci?cally, What is needed is a system Which enables 
the number of packets stored in a store-and-forWard buffer to 
be controlled such that the maximum amount by Which a high 
priority packet may be delayed from reaching a destination 
may effectively be reduced. 

SUMMARY OF THE INVENTION 

The present invention relates to a system for reducing the 
average delay associated With sending a packet from one 
environment to another via a store and forWard buffer. 
According to one aspect of the present invention, a method for 
processing transmission units received over a ?rst netWork 
connection includes receiving a ?rst transmission unit on the 
?rst netWork connection, storing the ?rst transmission unit in 
a buffer, and determining When contents of the buffer meet a 
plurality of criteria. The method also includes sending a back 
pressure over the ?rst netWork connection When it is deter 
mined that the contents of the buffer meet the plurality of 
criteria. In one embodiment, determining When the contents 
of the buffer meet a plurality of criteria includes determining 
When the contents of the buffer are of an amount that exceeds 
a threshold and determining When the contents of the buffer 
include at least one full packet. 

In another embodiment, When it is determined that the 
contents of the buffer do not meet the plurality of criteria, the 
method includes receiving a second transmission unit on the 
?rst netWork connection and storing the second transmission 
unit in the buffer. In such an embodiment, the ?rst and second 
transmission units may be packets or the ?rst and second 
transmission units may be bits in general. 
The average delays associated With sending packets such 

as high priority packets may be reduced substantially Without 
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incurring signi?cant overhead costs by controlling the num 
ber of packets Which may be stored in a store and forward 
buffer at any given time. By limiting a store and forward 
buffer to store a single relatively large packet, or a plurality of 
relatively small packets When both a packet forwarding envi 
ronment and a packet receiving environment are relatively 
fast, the average delay associated With forwarding a packet 
out of the packet forWarding environment may be approxi 
mately equal to the time it takes to drain the single relatively 
large packet, or the plurality of relatively small packets, from 
the store and forWard buffer. The number of packets stored in 
a store and forWard buffer may effectively be controlled When 
a backpressure is provided to a packet-forwarding environ 
ment substantially only When there is at least one full or 
complete packet in the store and forWard buffer, and the 
contents of the buffer exceed a particular threshold amount. 

According to another aspect of the present invention, a 
method for communicating With a store and forWard buffer 
through a ?rst netWork connection includes determining 
When a backpressure is received through the ?rst netWork 
connection. The backpressure indicates that the store and 
forWard buffer includes at least one full packet and also 
includes contents Which exceed a threshold amount. The 
method also includes determining When there is available 
space in the store and forWard buffer for the ?rst packet if it is 
determined that the backpressure is received through the ?rst 
netWork connection, and sending a ?rst packet over the ?rst 
netWork connection When it is determined that there is avail 
able space in the store and forWard buffer for the ?rst packet. 

In one embodiment, the method includes sorting packets. 
Sorting packets includes identifying the ?rst packet to be sent 
over the ?rst netWork connection to the store and forWard 
buffer. In such an embodiment, sorting packets may also 
include sorting packets to identify relatively loW priority 
packets and relatively high priority packets. 

These and other advantages of the present invention Will 
become apparent upon reading the folloWing detailed 
descriptions and studying the various ?gures of the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may best be understood by reference to the 
folloWing description taken in conjunction With the accom 
panying draWings in Which: 

FIG. 1a is a diagrammatic representation of a netWork 
Which includes a store and forWard buffer that temporarily 
holds packets. 

FIG. 1b is a block diagram representation of the forWarding 
of packets through a substantially full store and forWard 
buffer, e.g., such as buffer 116 of FIG. 1a. 

FIG. 10 is a block diagram representation of the forWarding 
of a high priority packet through a substantially full store and 
forWard buffer, e.g., buffer 116 of FIG. 1a. 

FIG. 2a is a diagrammatic representation of a netWork that 
includes tWo store and forWard buffers that are arranged to 
store packets. 

FIG. 2b is a block diagram representation of the forWarding 
of packets through a buffer arrangement Which includes tWo 
store and forWard buffers e.g., buffers 216a and 21619 of FIG. 
211. 

FIG. 20 is a block diagram representation of the forWarding 
of a high priority packet through a buffer arrangement Which 
includes tWo store and forWard buffers e. g., buffers 216a and 
21619 of FIG. 2a. 

FIG. 3a is a diagrammatic representation a store and for 
Ward buffer Which is arranged to contain a restricted number 
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6 
of full packets, e.g., approximately one relatively large 
packet, in accordance With an embodiment of the present 
invention. 

FIG. 3b is a diagrammatic representation a store and for 
Ward buffer Which is arranged to contain a restricted number 
of full packets, e. g., a small plurality of relatively small pack 
ets, in accordance With an embodiment of the present inven 
tion. 

FIG. 4a is a diagrammatic representation of a system Which 
includes a framer or a controller With a store and forWard 

buffer that may store a plurality of relatively small packets in 
accordance With an embodiment of the present invention. 

FIG. 4b is a diagrammatic representation of a system, i.e., 
system 400 of FIG. 4a, Within Which a high priority packet is 
aWaiting forWarding to a store and forWard buffer in accor 
dance With an embodiment of the present invention. 

FIG. 5a is a diagrammatic representation of a process of 
forWarding a packet out of a buffer that involves beginning to 
send bits of the packet out of the buffer in accordance With an 
embodiment of the present invention. 

FIG. 5b is a diagrammatic representation of a process of 
forWarding a packet out of a buffer, e. g., buffer 502 of FIG. 5a, 
that involves beginning to send an entire packet out of the 
buffer in accordance With an embodiment of the present 
invention. 

FIG. 6 is a process How diagram Which illustrates a process 
performed by a store and forWard buffer that is associated 
With a framer or a controller Will be described in accordance 
With an embodiment of the present invention. 

FIG. 7 is a process How diagram Which illustrates the steps 
undertaken by a packet provider in accordance With an 
embodiment of the present invention. 

FIG. 8 illustrates a typical, general purpose computing 
device or computer system suitable for implementing the 
present invention. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

The use of at least one store and forWard buffer on a framer 
or a controller to prevent packet underrun When packets are 
being sent from a netWork processor or a tra?ic management 
chip to a physical interface is generally effective. When a 
store and forWard buffer is full, the framer or controller sends 
a per port backpressure to the netWork processor or the traf?c 
management chip. In the event that a high priority packet is to 
be sent through the framer or controller, a full store and 
forWard buffer Will cause the transmission of the high priority 
packet to be delayed by the packets, Which may either be high 
priority packets or loW priority packets, held in the store and 
forWard buffer. The delay generally increases With the siZe of 
the store and forWard buffer, and also as the speed of the 
physical interface decreases. Such a delay is often unaccept 
able for high priority packets such as those associated With 
real time tra?ic. Some systems utiliZe dedicated store and 
forWard buffers to reduce the delay. Although the use of one 
store and forWard buffer to store high priority tra?ic and 
another store and forWard buffer to store loW priority tra?ic is 
relatively effective, the implementation costs and complexity 
associated With separate store and forWard buffers are sub 
stantial. 
By limiting the number of packets Which may be stored in 

a store and forWard buffer, the average delays associated With 
sending high priority packets may be reduced substantially 
Without incurring signi?cant overhead costs. Effectively lim 
iting a store and forWard buffer to store a single relatively 
large packet, or a plurality of relatively small packets When 
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both a packet forwarding environment and a packet receiving 
environment are relatively fast, enables the delay associated 
with sending a packet from the packet forwarding environ 
ment to the store and forward buffer to be substantially 
equivalent to the time it takes to drain the single relatively 
large packet, or the plurality of relatively small packets, from 
the store and forward buffer. In other words, latency j itter may 
generally be reduced such that the average delay introduced 
by a store and forward buffer may be substantially minimized. 
The number of packets stored in a store and forward buffer 
may effectively be controlled by sending a backpressure to a 
packet forwarding environment substantially only when there 
is at least one full or complete packet in the store and forward 
buffer, and the contents of the buffer exceed a particular 
threshold amount. 

The number of packets allowed to be stored in a store and 
forward buffer may be controlled by a threshold which a user 
may set. For example, in one embodiment, a store and for 
ward buffer may be arranged to send or assert a backpressure 
when there is at least one full packet in the store and forward 
buffer and the number of bits stored in the store and forward 
buffer exceeds a certain amount, i.e., a threshold, which is 
typically lower than a maximum packet siZe. When relatively 
large low priority packets are being sent, a store and forward 
buffer of the present invention effectively functions as a large 
buffer that is approximately equal to the siZe of a packet. 
Hence, the maximum latency and latency jitter associated 
with a high priority packet of any siZe that is to be sent to a 
receiving environment from a sending environment is typi 
cally no more than the amount of time needed to transfer a 
single, relatively large low priority packet from a sending 
environment, through the store and forward buffer, to a 
receiving environment. Alternatively, when relatively small, 
low priority packets are being sent, the store and forward 
buffer effectively functions as a small buffer. The maximum 
latency and latency jitter associated with a high priority 
packet of any siZe that is to be sent to a receiving environment 
from a sending environment when relatively small, low pri 
ority packets are being sent is approximately equal to the time 
required to transfer a “threshold” number of bits or bytes to 
the receiving environment. As a result, latency performance 
associated with a single buffer system is improved, e. g., to be 
approximately equal to the latency performance associated 
with complicated multiple buffer systems. 

With reference to FIG. 3a, a store and forward buffer which 
is arranged to contain a restricted number of full packets, e.g., 
approximately one packet, will be described in accordance 
with an embodiment of the present invention. A system 300 
includes a ?rst environment 304 and is in communication 
over a bus 306 with a framer or a controller 312 which 

includes a store and forward buffer 316. Bus 306 may be 
coupled to ports (not shown) associated with ?rst environ 
ment 304 and framer or controller 312. Framer or controller 
312, in turn, is in communication over a bus 310 with a second 
environment 308. In one embodiment, ?rst environment 304 
may include a network processor or a tra?ic management 
chip, while second environment 308 may include a physical 
interface. Physical interfaces may include, but are not limited 
to, a synchronous optical network (SONET) interface, a syn 
chronous digital hierarchy (SDH) interface, an Ethernet inter 
face, a T1 interface, and an El interface. 
As shown, a single low priority packet 32011 is held in 

buffer 316, e.g., because low priority packet 32011 is relatively 
large and substantially only one low priority packet 320a may 
be present in buffer 316 at any given time. Hence, packets 
which are effectively queued for forwarding to framer or 
controller 316, as for example low priority packets 320b-d, 
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8 
may not be forwarded to framer or controller 316 until low 
priority packet 32011 is forwarded out of buffer 316 to second 
environment 308. 

When the number of packets stored in buffer 316 is kept 
relatively low, then a high priority packet which is next to be 
forwarded through buffer 316 may experience a delay in 
forwarding to the buffer which may effectively be no more 
than approximately the amount of time it takes to drain the 
buffer of low-priority packet 320a. FIG. 3b is a diagrammatic 
representation of a system, i.e., system 300 of FIG. 3a, within 
which a high priority packet is awaiting forwarding to a store 
and forward buffer in accordance with an embodiment of the 
present invention. First environment 304 is arranged to sort 
packets 320 by priority such that a high priority packet 320e 
may effectively be differentiated from low priority packets 
320b-d. The ability to sort mixed-priority traf?c in order to 
allow packets 320 to be prioritized enables high priority pack 
ets such as high priority packet 320e to effectively be pro 
cessed, e.g., forwarded to second environment 308 through 
buffer 316, before low priority packets such as low priority 
packets 320b-d. 

Since low priority packet 32011 is the only packet in buffer 
3 16, once low priority packet 32011 is drained from buffer 31 6, 
then high priority packet 320e may be forwarded to buffer 3 16 
through bus 306. As such, the delay associated with forward 
ing high priority packet 320e out of ?rst environment 304 is 
approximately as long as the time it takes to drain or, in some 
cases, to begin to drain, low priority packet 32011 from buffer 
316. Hence, an average delay introduced by buffer 316 for 
forwarding high priority packets may effectively be reduced. 

In one embodiment, a store and forward buffer of a framer 
or a controller may be arranged to hold more than one packet 
when packets are relatively small and being forwarded 
through the buffer at a relatively high rate. By way of 
example, when a forwarding environment and a receiving 
environment are both operating at a relatively fast rate, more 
than one relatively small packet may be stored in the buffer at 
substantially the same time. Allowing more than one rela 
tively small packet to be stored in the buffer at any given time 
when both a forwarding environment and the receiving envi 
ronment are operating at a relatively fast rate enables over 
head time associated with starting and stopping the ?ow of 
packets into the buffer to be substantially minimized. By 
reducing the need for the framer or controller to send a back 
pressure to the forwarding environment while still enabling 
the number of packets held in the buffer at any given time, the 
delays associated with forwarding packets, especially high 
priority packets, may be reduced substantially without occur 
ring signi?cant penalties, e.g., additional overhead time to 
stop and start the ?ow of packets. 

FIG. 4a is a diagrammatic representation of a system which 
includes a framer or a controller with a store and forward 

buffer that may store a plurality of relatively small packets in 
accordance with an embodiment of the present invention. A 
system 400 includes a ?rst environment 404 and is in com 
munication over a bus 406 with a framer or a controller 412. 
Framer or controller 412 includes a store and forward buffer 
416 which is arranged to store a plurality of relatively small 
packets such as relatively small low priority packets 420a, 
4201). Framer or controller 412 is in communication over a 
bus 410 with a second environment 408 which receives pack 
ets from buffer 416. 

A plurality of relatively small low priority packets 420a, 
4201) are held in buffer 416. In the described embodiment, a 
plurality of relatively small low priority packets such as low 
priority packets 420a-f may be held in buffer 416 at one time, 
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though a larger low priority packet such as larger low priority 
packet 420g would be stored as a single packet in buffer 416. 

Packets which are effectively queued for forwarding to 
framer or controller 416, as for example smaller low priority 
packets 4200-], may not be forwarded to framer or controller 
416 until low priority packet 42011 is forwarded out of buffer 
416 to second environment 408. For instance, after low pri 
ority packet 42011 is forwarded out of buffer 416 or, in some 
instances, after low priority packets 42011 is completely for 
warded out of buffer 41 6, relatively small low priority packets 
4200 may be forwarded from ?rst environment 404 to buffer 
416. As previously mentioned, by allowing more than one 
relatively small low priority packet 420a-f to be stored in 
buffer 416 at any given time, system 400 may operate more 
e?iciently, since the overhead associated with starting and 
stopping the ?ow of packets 420 into buffer 416 in response to 
backpressure may be reduced. 
A high priority packet which is to be forwarded through 

buffer 416 may experience a delay in forwarding to the buffer 
which may be as little as the amount of time it takes to drain 
the buffer of smaller low-priority packets 420a, 4201). FIG. 4b 
is a diagrammatic representation of a system, i.e., system 400 
of FIG. 4a, within which a high priority packet is awaiting 
forwarding to a store and forward buffer in accordance with 
an embodiment of the present invention. First environment 
404 sorts packets 420 so that a high priority packets 420h-j 
may effectively be differentiated from low priority packets 
420c-g. 

After low priority packets 420a, 4201) are drained from 
buffer 416, then high priority packet 420h, which is a rela 
tively large packet, may be forwarded to buffer 416. It should 
be appreciated that while a plurality of relatively small high 
priority packets 420i, 420j may be stored in buffer 416 at 
substantially the same time, only one single relatively large 
high priority packet such as packet 420h may be stored in 
buffer 416 at any given time. Hence, high priority packet 420h 
may not be forwarded to buffer 416 until low priority packet 
42011 is out of buffer 416 and low priority packet 42019 is at 
least in the process of being forwarded out of buffer 416. 
Once relatively small high priority packet 420i is being for 
warded out of buffer 416 and relatively small high priority 
packet 420j is loaded into buffer 416, then relatively small 
low priority packet 4200 may be forwarded to buffer 416. 

In a system within which a store and forward buffer of a 
framer or a controller is effectively con?gured to store very 
few packets, a per port back pressure may sent from the 
framer or controller to a packet forwarding environment 
when there is at least one full or complete packet in the buffer 
and the amount of contents in the buffer exceeds a certain 
level. By monitoring the amount of contents in the buffer and 
substantially only sending a backpressure when at least one 
full packet is in the buffer and the buffer is more than a certain 
amount full, the number of full packets allowed in the buffer 
may effectively be controlled. That is, monitoring the buffer 
to determine when at least one full packet is in the buffer and 
if the buffer is more than a certain amount full may enable the 
buffer to be controlled such that the buffer may hold one 
relatively large full packet at any given time, or more than one 
relatively small packet at any given time. 

Generally, a new packet may be forwarded from a packet 
forwarding environment to a store and forward buffer when a 
packet currently stored in the store and forward buffer is 
forwarded to a packet receiving environment. When a plural 
ity of relatively small packets are present in the buffer, the last 
of the relatively small packets must be forwarded out of the 
buffer before a relatively large packet may be forwarded into 
the buffer. Alternatively, when the buffer either contains a 
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plurality of relatively small packets or a single relatively large 
packet, then at least the ?rst relatively small packet or the 
single relatively large packet, as appropriate, is forwarded out 
of the buffer before a relatively small packet may be for 
warded in. 

“Forwarding” a packet out of a store and forward buffer, 
e.g., during a process of draining the buffer, may imply either 
beginning to send bits of the packet out of the buffer or having 
the entire packet out of the buffer. FIG. 5a is a diagrammatic 
representation of a process of forwarding a packet out of a 
buffer that involves beginning to send bits of the packet out of 
the buffer in accordance with an embodiment of the present 
invention. As shown a ?rst packet 50611 is partially forwarded 
out of a store and forward buffer 502. In other words, an 
overall process of providing the ?rst packet 506 to a packet 
receiving environment (not shown) has been initiated. In one 
embodiment, a forwarding process which forwards a packet 
such as packet 50619 from a packet-forwarding environment 
(not shown) may be initiated substantially as soon as a pro 
cess of forwarding packet 506a out of buffer 502 begins. 

Alternatively, as shown in FIG. 5b, a forwarding process 
which forwards a packet such as packet 50619 from a packet 
forwarding environment (not shown) may be initiated sub 
stantially only after a process of forwarding packet 506a out 
of buffer 502 is effectively completed. That is, until packet 
50611 is effectively completely out of buffer 502, a process of 
forwarding packet 5061) into buffer 502 may not be initiated. 
A store and forward buffer such as buffer 502 may substan 

tially regulate the passage of packets from a packet-forward 
ing environment to a packet-receiving environment. Such a 
store and forward buffer may include software or hardware, 
or a combination of both software and hardware, that enables 
the store and forward buffer to regulate the passage of packets 
therethrough. With reference to FIG. 6, steps executed by a 
store and forward buffer that is associated with a framer or a 
controller will be described in accordance with an embodi 
ment of the present invention. A process 600 by which a 
buffer may substantially regulate the passage of packets from 
a ?rst environment to a second environment, e.g., from a 
network processor or a tra?ic management chip of one envi 
ronment to a physical interface associated with a second 
environment, begins at step 604 in which the buffer deter 
mines whether there is at least one complete packet waiting in 
the buffer. Determining whether there is at least one complete 
packet waiting in the buffer generally involves determining 
whether one or more packets are present in the buffer and are 
yet to be forwarded out of the buffer. It should be appreciated 
that the siZe of the buffer may generally be relatively small, as 
the buffer may be siZed to accommodate no more than a single 
large packet, e.g., the buffer may be siZed to accommodate 
one packet that is the siZe of a maximum transmission unit. 

If it is determined that there is no complete packet waiting 
in the buffer, then the buffer continues to receive bits of 
packets from a packet provider, but does not forward the 
packets to a packet receiver or send backpressure in step 608. 
The bits of packets may be received on a port of the framer or 
controller. Eventually, e.g., after a predetermined period of 
time has elapsed or after a particular number of bits has been 
received in the buffer, process ?ow returns to step 604 in 
which it is once again determined whether there is at least one 
complete packet waiting in the buffer. 
When it is determined in step 604 that there is at least one 

complete packet waiting in the buffer, it is determined in step 
612 whether the amount of contents, i.e., bits, in the buffer 
exceeds a threshold which is associated with how full the 
buffer is. The threshold, which is generally user-controllable, 
is typically chosen based upon a timing rate associated with 
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an environment Which is slated to receive packets from the 
buffer. That is, the threshold, Which is compared to the 
amount of contents in the buffer and is effectively used as an 
indication of When the buffer may be considered to be full, 
may be adjusted based upon the timing rates of a receiving 
environment. It should be appreciated that in general, the 
threshold may have substantially any suitable value that is 
typically less than a maximum packet siZe and effectively 
prevents a deadlock condition from being encounter. HoW 
ever, the threshold is generally of a value Which enables a 
sending environment to re-start the transfer of bytes before a 
store and forWard buffer drains, in order to maintain a maxi 
mum rate transfer of minimum siZed packets. In one embodi 
ment, the threshold value is determined, e. g., experimentally, 
based on a minimum packet siZe and a maximum transfer rate 
associated With a receiving environment. 

If the determination in step 612 is that the amount of 
contents in the buffer does not exceed the threshold, then the 
buffer continues to receive packets and to forWard packets, 
Without sending backpressure, as appropriate in step 616. 
From step 616, process How eventually returns to step 604 in 
Which it is determined Whether there is at least one complete 
packet Waiting in the buffer. Alternatively, if it is determined 
in step 612 that the amount of contents in the buffer does 
exceed the threshold, the indication is that the rate at Which 
bits are being forWarded out of the buffer is insuf?cient for the 
rate at Which bits are being provided to the buffer. Accord 
ingly, a backpressure, as for example a per port backpressure, 
is sent from the buffer to the packet provider, Which may be a 
netWork processor or a tra?ic management chip, in step 620. 
Once a backpressure is sent to the packet provider, the buffer 
continues to receive bits of packets and to forward packets in 
step 624. At some point, process How returns to step 604 in 
Which it is determined if there is at least one complete packet 
Waiting in the buffer. 

In general, a packet provider Which provides packets to a 
buffer that is often a component of a framer or a controller 
sorts packets by priority, then attempts to send any higher 
priority packets to the buffer before sending loWer priority 
packets. FIG. 7 is a process How diagram Which illustrates the 
steps undertaken by a packet provider in accordance With an 
embodiment of the present invention. In the described 
embodiment, a packet provider generally forWards packets to 
the buffer such that there is often only one packet held in the 
buffer at any given time. It should be appreciated that in some 
instances, e.g., When relatively small packets are to be for 
Warded out of the packet provider at a relatively high rate, the 
buffer may contain a plurality of packets. HoWever, even 
When a plurality of relatively small packets may effectively be 
stored in the buffer at substantially the same time, the buffer 
is generally not completely full, since the threshold described 
above may be set at a level Which effectively prevents the 
buffer from being completely ?lled up. Hence, the packet 
provider may essentially implement a packet transmission 
delay that varies the time betWeen When one packet is for 
Warded and a subsequent packet is forWarded to prevent the 
buffer from being completely ?lled up, i.e., in response to a 
backpressure received from the buffer. 
A process 700 of processing packets Which are to be for 

Warded from one environment to another through a buffer 
associated With a framer or a controller begins at step 704 in 
Which packets Which are to be forWarded through the buffer 
are sorted based on priority. The packets may be sorted using 
substantially any suitable method Which enables higher pri 
ority packets to be identi?ed and effectively differentiated 
from loWer priority packets. Once the packets are sorted by 
priority, it is determined in step 708 Whether any of the pack 
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ets are high priority packets. That is, a determination is made 
regarding Whether there are any high priority packets to for 
Ward to the buffer. 

If the determination in step 708 is that there are no high 
priority packets to forWard to the buffer, the indication is that 
the packets to be forWarded all have relatively loW priorities. 
Hence, in step 716, such packets are forWarded to the buffer. 
While all packets may be queued for transmission to the 
buffer in a shared queue, in one embodiment, such packets 
may be placed in a “loW priority packet” queue, i.e., a “loW 
priority packet queue of the packet provider environment 
Which is feeding the buffer, and provided to the buffer from 
the queue. 
A determination is made in step 720 as to Whether a back 

pressure, e. g., a per port backpressure, has been received from 
the buffer. In other Words, it is determined Whether the rate at 
Which packets are forWarded to the buffer in step 716 should 
be altered. If it is determined in step 720 that a backpressure 
has been received from the buffer, then the sending of packets 
may be delayed in step 724. Delaying packets may entail 
sending an entire packet, then Waiting a certain amount of 
time before sending a subsequent packet. From step 724, 
process How returns to step 716 in Which packets are for 
Warded to the buffer, With delays as appropriate. 

Alternatively, if it is determined in step 720 that no back 
pressure has been received from the buffer, process How 
moves from step 720 to step 728 in Which it is determined 
Whether packets to be forWarded should be sorted. If it is 
determined that packets to be forWarded are not to be sorted, 
packets continue to be forWarded to the buffer in step 716. On 
the other hand, if it is determined that packets to be forWarded 
are to be sorted, then process flow returns to step 704 in Which 
packets to be forWarded are sorted by priority. It should be 
appreciated that in some instances, packets Which are to be 
forWarded to the buffer may be substantially continuously 
sorted by priority. 

Returning to step 708, if it is determined that there are high 
priority packets to forWard to the buffer, then packets are 
prioritized in step 712 such that the high priority packets may 
be forWarded to the buffer before any loWer priority packets. 
By Way of example, When the packet provider environment 
Which is sending packets to the buffer uses a “high priority” 
queue and a “loW priority” queue, the high priority packets 
may be queued in the “high priority” queue, and packets may 
be forWarded to the buffer from the “high priority” queue 
prior to packets from the “loW priority” queue. Alternatively, 
When the packet provider environment uses a shared queue, 
high priority packets may be arranged in the queue such that 
the high priority packets are sent to the buffer before loWer 
priority packets. 
Once the packets are prioritized in step 712, the packets 

may be forWarded to the buffer. As discussed above, packets 
may be forWarded such that high priority packets are for 
Warded ?rst. LoWer priority packets may be forWarded When 
substantially all available high priority packets have already 
been forWarded. 

FIG. 8 illustrates a typical, general purpose computing 
device or computer system suitable for implementing the 
present invention. A computer system 1030 includes any 
number of processors 1032 (also referred to as central pro 
cessing units, or CPUs) that are coupled to memory devices 
including primary storage devices 1034 (typically a random 
access memory, or RAM) and primary storage devices 1036 
(typically a read only memory, or ROM). ROM acts to trans 
fer data and instructions uni-directionally to the CPU 1032, 
While RAM is used typically to transfer data and instructions 
in a bi-directional manner. 
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CPU 1032 may generally include any number of proces 
sors. Both primary storage devices 1034, 1036 may include 
any suitable computer-readable media. A secondary storage 
medium 1038, Which is typically a mass memory device, is 
also coupled bi-directionally to CPU 1032 and provides addi 
tional data storage capacity. The mass memory device 1038 is 
a computer-readable medium that may be used to store pro 
grams including computer code, data, and the like. Typically, 
mass memory device 1038 is a storage medium such as a hard 
disk or a tape Which is generally sloWer than primary storage 
devices 1034, 1036. Mass memory storage device 1038 may 
take the form of a magnetic or paper tape reader or some other 
Well-knoWn device. It Will be appreciated that the information 
retained Within the mass memory device 1038, may, in appro 
priate cases, be incorporated in standard fashion as part of 
RAM 1036 as virtual memory. A speci?c primary storage 
device 1034 such as a CD-ROM may also pass data uni 
directionally to the CPU 1032. 
CPU 1032 is also coupled to one or more input/ output 

devices 1040 that may include, but are not limited to, devices 
such as video monitors, track balls, mice, keyboards, micro 
phones, touch-sensitive displays, transducer card readers, 
magnetic or paper tape readers, tablets, styluses, voice or 
handwriting recogniZers, or other Well-knoWn input devices 
such as, of course, other computers. Finally, CPU 1032 
optionally may be coupled to a computer or telecommunica 
tions netWork, e.g., a local area netWork, an internet netWork 
or an intranet netWork, using a netWork connection as shoWn 
generally at 1042. With such a netWork connection, it is 
contemplated that the CPU 1032 might receive information 
from the network, or might output information to the netWork 
in the course of performing the above-described method 
steps. Such information, Which is often represented as a 
sequence of instructions to be executed using CPU 1032, may 
be received from and outputted to the netWork, for example, 
in the form of a computer data signal embodied in a carrier 
Wave. The above-described devices and materials Will be 
familiar to those of skill in the computer hardWare and soft 
Ware arts. 

Although only a feW embodiments of the present invention 
have been described, it should be understood that the present 
invention may be embodied in many other speci?c forms 
Without departing from the spirit or the scope of the present 
invention. By Way of example, the siZe of a store and forWard 
buffer may vary Widely. In one embodiment, a store and 
forWard buffer may be arranged to be at least one or tWo times 
the siZe of a maximum transmission unit. In another embodi 
ment, since the store and forWard buffer is generally arranged 
to hold relatively feW packets at any given time such that 
delays associated With sending relatively high priority pack 
ets may be reduced, the store and forWard buffer may be 
approximately the siZe of a maximum transmission unit. 

The relative transmission rates or speeds associated With 
sending and receiving environments may vary Widely. It 
should be appreciated that a store and forWard buffer is gen 
erally arranged to accommodate sending and receiving envi 
ronments With different speeds. In other Words, a store and 
forWard buffer may be used in systems Within Which sending 
environments have higher speeds than receiving environ 
ments, sending environments have loWer speeds than receiv 
ing environments, or sending environments have approxi 
mately the same speeds as receiving environments. 

In one embodiment, a sending environment Will generally 
stop sending bytes upon receipt of a backpressure signal. In 
the event that a packet transfer from the sending environment 
to a store and forWard buffer is in progress, the transfer 
progress Will be stalled even through an incomplete packet 
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has been sent. HoWever, backpressure schemes may be imple 
mented in substantially any suitable manner including, but 
not limited to, alloWing a packet transfer progress to be com 
pleted before complying With a received backpressure 
request. 

Methods of indicating a backpressure state from a store and 
forWard buffer to a sending environment may be implemented 
in a variety of different Ways. By Way of example, backpres 
sure may be signaled through the use of a dedicated Wire With 
a substantially constant indication of a current backpressure 
status. Backpressure may also be indicated by an in-band 
message of a packet carrying buss With separate messages to 
indicate the start and stop of backpressure. 
A framer or a controller has been described as sending a per 

port back pressure to a packet forWarding environment When 
a store and forWard buffer contains a full packet and has an 
amount of contents that exceeds a threshold. The use of a 
check for at least one full packet in addition to a threshold 
check may generally be applied to substantially any store and 
forWard buffer arrangement. For example, When a framer or a 
controller contains both a store and forWard buffer for loW 
priority packets and a store and forWard buffer for high pri 
ority packets, both store and forWard buffers may utiliZe a 
check for at least one full packet and a threshold check to 
determine When to send a backpressure. 

In lieu of an overall system Which enables either one larger 
packet or a plurality of smaller packets to be held in a buffer, 
an overall system may instead effectively require that only a 
single packet of any siZe may be held in a buffer at any given 
time. For instance, in addition to using a threshold associated 
With hoW full a buffer is and checking Whether at least one full 
packet is present in a buffer, other information may be utilized 
to effectively prevent more than one packet from being 
present in the buffer at any given time. 

The threshold Which indicates hoW full a buffer is may 
generally be a variable threshold. That is, the threshold may 
be varied by a system administrator in response to traf?c 
conditions as appropriate. For example, When packets are 
provided to the buffer at a rate Which has not required a 
backpressure to be sent for a given length of time, then the 
threshold may be adjusted to enable more contents to be 
stored in the buffer before a backpressure is sent. 
The present invention has been described as being suitable 

for use in a system Which supports mixed-priority traf?c, e. g., 
traf?c Which includes both loWer priority packets and higher 
priority packets. It should be appreciated, hoWever, that the 
use of a store and forWard buffer Which may be arranged to 
store approximately one single relatively large packet and a 
loW plurality of relatively small packets may be suitable for 
use in systems Which support either only loWer priority pack 
ets or higher priority packets. 

In general, steps associated With the various methods of the 
present invention may be altered, reordered, added, and 
removed Without departing from the spirit or the scope of the 
present invention. By Way of example, as mentioned above, a 
packet provider environment may substantially continuously 
sort packets Which are to be forWarded such that high priority 
packets may be readily identi?ed. Further, although a deter 
mination of Whether to send a backpressure from a framer or 
a controller has been described as including determining 
Whether the amount of contents in a buffer exceeds a thresh 
old When there is at least one complete packet Waiting in the 
buffer, the determination of Whether to send a backpressure 
may instead included determining Whether there is at least 
one complete packet Waiting in the buffer if it is determined 
that the amount of contents of the buffer exceed a threshold. 
Therefore, the present examples are to be considered as illus 
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trative and not restrictive, and the invention is not to be limited 
to the details given herein, but may be modi?ed Within the 
scope of the appended claims. 
What is claimed is: 
1. A method comprising: 
setting a threshold number of bits for a store and forWard 

buffer in a ?rst device, Wherein the threshold is loWer 
than the number of bits in a maximum transmission unit 

(MTU); 
receiving at the ?rst device packets from a second device in 

a sending environment that is con?gured to start and stop 
packet transfer based on backpressure signals; 

storing the packets in the store and forWard buffer for 
transmission to a receiving environment, Wherein a ?rst 
transfer speed to the receiving environment is loWer than 
a second transfer speed from the sending environment 
and a buffer level in the store and forWard buffer re?ects 
a difference betWeen the ?rst and second transfer speeds; 

sending the packets to the receiving environment; 
determining When contents of the store and forWard buffer 

meet criteria including When the buffer level exceeds the 
threshold and at least one complete packet is in the store 
and forWard buffer; and 

sending a stop transfer backpressure signal to the second 
device When it is determined that the buffer level exceeds 
the threshold and at least one complete packet is in the 
store and forWard buffer. 

2. The method of claim 1, Wherein the setting comprises 
setting the threshold to enable storage of a feW relatively 
small packets or one relatively large packet in order to reduce 
delay When sending packets from the sending environment to 
the receiving environment, Wherein the relatively small pack 
ets are small relative to the MTU and the one relatively large 
packet approximates a siZe of the MTU. 

3. The method of claim 1, Wherein setting comprises set 
ting the threshold to enable storage of a feW relatively small 
packets or one relatively large packet in order to reduce 
latency jitter When sending packets from the sending envi 
ronment to the receiving environment. 

4. The method of claim 1, Wherein setting comprises set 
ting the threshold to enable storage of tWo or more complete 
packets in order to reduce a number of backpressure signals. 

5. The method of claim 1, Wherein the setting comprises 
setting the threshold based on a minimum packet siZe and the 
transfer speed to the receiving environment. 

6. The method of claim 1, Wherein the sending comprises 
sending high priority packets before sending loW priority 
packets in order to reduce delay When sending high priority 
packets from the sending environment to the receiving envi 
ronment. 

7. The method of claim 1, Wherein When the buffer level 
drops beloW the threshold further comprising sending a start 
transfer backpressure signal to the second device. 

8. The method of claim 1, Wherein When a ?rst bit of the last 
complete packet in the store and forWard buffer is sent to the 
receiving environment, further comprising sending a start 
transfer backpressure signal to the second device. 

9. An apparatus comprising: 
a ?rst interface coupled to a sending environment con?g 

ured to receive packets and send backpressure signals; 
a second interface coupled to a receiving environment con 

?gured to send the packets; 
a memory comprising a store and forWard buffer con?g 

ured to store the packets for transmission, Wherein a ?rst 
transfer speed for receiving the packets at the ?rst inter 
face is higher than a second transfer speed for sending 
packets over the second interface and a buffer level in the 
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16 
store and forWard buffer re?ects a difference betWeen 
the ?rst and second transfer speeds; 

a processor con?gured to: 
set a threshold number of bits for the store and forWard 

buffer, Wherein the threshold is loWer than the number 
of bits in a maximum transmission unit (MTU); 

determine When the buffer level in the store and forWard 
buffer exceeds the threshold and at least one complete 
packet is in the buffer; and 

send a stop transfer backpressure signal to the sending 
environment over the ?rst interface When it is deter 
mined that the buffer level exceeds the threshold and 
at least one complete packet is in the buffer. 

10. The apparatus of claim 9, Wherein the processor is 
con?gured to set the threshold to enable storage of a feW 
relatively small packets or one relatively large packet in order 
to reduce delay When sending packets from the sending envi 
ronment to the receiving environment, and Wherein the rela 
tively small packets are small relative to an MTU and the one 
relatively large packet approximates a siZe of the MTU. 

11. The apparatus of claim 9, Wherein the processor is 
con?gured to set the threshold to enable storage of a feW 
relatively small packets or one relatively large packet in order 
to reduce latency jitter When sending packets from the send 
ing environment to the receiving environment. 

12. The apparatus of claim 9, Wherein the processor is 
con?gured to set the threshold to enable storage of tWo or 
more complete packets in order to reduce a number of back 
pressure signals. 

13. The apparatus of claim 9, Wherein the processor is 
con?gured to set the threshold based on a minimum packet 
siZe and the transfer speed to the receiving environment. 

14. The apparatus of claim 9, Wherein the processor is 
con?gured to, When the buffer level drops beloW the thresh 
old, send a start transfer backpressure signal to the second 
device. 

15. The apparatus of claim 9, Wherein the processor is 
con?gured to, When a ?rst bit of the last complete packet in 
the store and forWard buffer is sent to the receiving environ 
ment, send a start transfer backpressure signal to the second 
device. 

16. A method comprising: 
at a ?rst device, communicating With a store and forWard 

buffer in a second device in order to send packets and 
receive backpres sure signals, Wherein the store and for 
Ward buffer is con?gured to store packets for transmis 
sion to a receiving environment; 

sending packets to the second device from the ?rst device, 
Wherein a ?rst transfer speed to the second device is 
higher than a second transfer speed to the receiving 
environment and a buffer level in the store and forWard 
buffer re?ects a difference betWeen the ?rst and second 
transfer speeds; 

at the ?rst device, receiving a stop transfer backpressure 
signal from the second device, Wherein the stop transfer 
backpressure signal indicates that the buffer level 
exceeds a ?rst threshold number of bits and at least one 
full packet is in the store and forWard buffer, and Wherein 
the threshold is loWer than the number of bits in a maxi 
mum transmission unit (MTU); and 

stopping transmission of packets based on the stop transfer 
backpressure signal. 

17. The method of claim 16, further comprising: 
at the ?rst device, receiving a start transfer backpressure 

signal from the second device, Wherein the start transfer 
backpressure signal indicates that the buffer level is 




